Abstract: The X-ray structure of ammonium decavanadate hexahydrate was redetermined at a low temperature (100 K) in order to locate the hydrogen sites and to study the hydrogen bonds. The hydrogen atoms were assigned to the appropriate atomic group, NH 4 + cations, and water molecules, missing to the best of our knowledge in the literature. A kappa refinement was performed to estimate the experimental atomic charges. These charges were used to generale the electrostatic potential on the molecular surfaces of decavanadate polyanions isolated from the influence of the crystal lattice. Comparisons with previous theoretical (ab initio) calculations were made and are also discussed.
INTRODUCTION
Polyoxometalate (POM) compounds are of great interest due to a wide variety of their applications in many different fields, such as chemical catalysis, surface sciences and pharmacology. [1] [2] [3] In our investigations, the understading of the interactions of POMs in biological media and their putative enzyme inhibition mechanism is of particularly interest. Among these compounds, decavanadates are especially attractive since vanadium is important for biological metabolism (trace element) 4 and plays as essential role in some enzymatic activties. [5] [6] [7] [8] Therefore, biochemists have designated decavanadates as potent drugs, for instance, in virology (HIV-1). 1, 9 Decavanadate is formally a [V 10 O 28 ] 6-polyanion with a cage structure giving rise to fascinating supramolecular architectures in the solid state. 10 However, under physiological conditions, POM decomposition is only prevented by hydrogen bonding and counterion electrostatic interactions. 10 In this context, ammonium decavanadate hexahydrate gives the opportunity to study a sample model of such intereactions between [V 10 O 28 ] 6-anions, (NH 4 ) + cations and aqua ligands. Previous room temperature crystallographic and infrared vibration spectroscopic studies of (NH 4 ) 6 V 10 O 28 ·6H 2 O were reported eleven years ago, 11 but neither the positions of the hydrogen atoms were located nor those of the NH 4 + cations determined exactly.
In the present work, the results derived from low temperature single crystal diffraction data at medium resolution are reported. Contrary to the previous study, the experiment permitted the hydrogen atoms involved in the stability of the crystal lattice to be localized. Also, a kappa refinement based on the Hansen-Coppens electron density multipole model 12, 13 was used to estimate the experimental atomic charges of the title compound. The electrostatic potential was computed using the experimental atomic charges in order to depict the topological features of this important physical property. The present results for the electrostatic potential and atomic charge are compared with those of previous theoretical (ab initio) calculations, made for an isolated [V 10 O 28 )] 6-anion.
EXPERIMENTAL

Synthesis and crystallization
The title compound was prepared by dissolving NH 4 VO 3 (0.4 g, 3.42 mmol) in distilled water (20 ml) as described previously 14 to obtain decavanadate anions. The solution was stirred and heated until complete dissolution of NH 4 VO 3 (about 2 h). The pH was adjusted to 5.90 by the dropwise addition of NH 4 OH. Orange crystals formed within four days from the solution, kept at room temperature. The crystal samples were washed with ethanol and air-dried at room temperature.
Single crystal X-ray data collection
The 42599 X-ray reflection data were collected at 100 K on a Bruker-SMART three-circle diffractometer equipped with a CCD area detector using MoKa radition (l = 0.71073 C). The Lorentz-polarization and absorption corrections were applied and integration of the diffracted intensities was performed using SAINT software package. 15 The SORTAV program 16 was used for data sorting and averaging, yielding a total of 16219 unique reflections. Table I gives the details of the single crystal experiment. 
Structure and kappa refinements
The structure was solved by the heavy atom method and first refined with the SHELXL-97 program of the WINGX software package. 17 The hydrogen atom positions of the six NH 4 + counterions and of three water molecules were found from the differences in the Fourier maps. The HYDROGEN program 18 was used to locate the hydrogen sites for the remaining three water molecules of the asymmetric unit. The thermal motions of all non-hydrogen atom were refined anisotropically. The atomic fractional coordinates were transferred to the input file of the full-matrix least-square MOLLY program, 12 allowing both structural and kappa refinements. 13 In this latter model, the atomic electron density is expresses as:
where r core and r val are the Hartree-Fock free atomic core and valence spherical electron densities, 19 respectively. The refined parameters are the valence population P val , yielding the atomic charge (q = P val -N val , where N val is the valence population of a free atom) and contraction (k > 1) or expansion (k < 1) coefficients. For vanadium (3d 3 4s 2 ) atom, the best results were obtained for a starting V 2+ (3d 3 4s 0 ) electron configuration and the P val parameter was assigned to the 3d shell population. During the kappa refinements, the formal charges of [V 10 O 28 ] 6-and (NH 4 ) + were always 
the sum of the contributions of the positive nuclear charge Z at located at R at and the atomic electron density r at .
RESULTS AND DISCUSSION
The title compound crystallizes in P1 triclinic space group with two independent halves (labeled hereafter a and b) of decavanadate anions, six NH 4 + cations and six water molecules in the asymmetric unit (Fig. 1 ). This Figure shows the decavanadate anion cage and the crystal packing of the title compound. The latter displays two interpenetrated sub-lattices of decavanadate polyanions a and b. It is also evident, that these decavanadate polyanions a and b are differently oriented. Therefore, the crystal lattice can be described with a primitive cell of decavanadate a having one decavanadate b in its center. The NH 4 + counterions and water molecules are distributed in the empty space of the compact lattice of the anion. The vanadium atoms are in distorted octahedra, in which the V-O bond lengths are in the range from 1.600(3) to 2.318(2) C and the internal O-V-O angles from 74.3(1) to 106.9(1)°. These results are in good agreement with decavanadate geometries found in previous studies. 11, 21 The first structure description of (NH 4 ) 6 V 10 O 28 ·6H 2 O compound was given on the basis of X-ray data obtained at room temperature, but in comparison with this study, 11 in the present work the hydrogen atoms and hydrogen bonding in this compound were localized. Also, it was found that the three water molecules assigned and labeled O91, O93, O95 in the room temperature structure study 11 were in fact ammonium cations. The kappa coefficients and the experimental atomic net charges are listed in Table III . The vanadium atoms have an average positive charge of +1.6 e and a common k parameter of 1.2 (contracted electron density). In the two polyanions, the internal V4a and V4b (Fig. 1) have the highest charges of +2.0(1) and +1.9(1) e, respectively. By comparison, a vanadium charge equal to +2.0(1) e was reported for an isolated decavanadate anion (in an ideal D 2h symmetry) from theoretical calculations. 22 The decavanadate oxygen atom electron densities are slightly expanded (k £ 1.0). The corresponding experimental charges are found distributed in large intervals: from -0.5(1) to -1.2(1) e for a, and from -0.3(1) to -1.4(1) e for b. A Mulliken population analysis of isolated polyanion restricts, in ab initio theoretical calculations, 22 gave oxygen atom net charges in the range from -0.7 to -1.3 e. The dispersion magnitude of the oxygen net charges reported here cannot be straightforwardly correlated with the hydrogen bond features given in Table II.   TABLE III . Kappa parameters and experimental net atomic charges (q in e units). Only least-squares significant digits are given The electrostatic potential distribution on the van der Waals surface for the decavanadate anion is shown in Fig. 2 Mulliken population analysis 22 is also depicted in Fig. 2 for comparison. Previous theoretical calculations made for the isolated [V 10 O 28 ] 6-anion were used to predict the protonation sites in relation with the relative oxygen atom basicities (minima in Fig. 2) . The minimum and the maximum values of the electrostatic potential are in good agreement with those derived from the present experimental charges (see values in Fig. 2) . However, the topological features are quite different. The experimental electrostatic potential distribution for both decavanadates a and b with C i point symmetry seems to be perturbed by crystal lattice interactions. The minima of the electrostatic potentials are found close to the most negatively charged oxygen atoms of the decavanadate anions (Table III) .
CONCLUSION
Redetermination of the crystal structure of ammonium decavanadate hexahydrate (NH 4 ) 6 V 10 O 28 ·6H 2 O, was performed using low temperature (100 K) X-ray data. In comparison with the first study, the positions of the hydrogen atoms were localized and the nature of the hydrogen bonding in this compound discussed. Also, the positions of the NH 4 + cations and water molecules were determined. The atomic net charge and electrostatic potential of this compound was calculated for the first time. The experimental atomic net charges for the vanadium and oxygen atoms are in good agreement with those of previous theoretical (ab initio) calculations. The electrostatic potential on the molecular surface was compared for two crystallographicaly different decavanadate polyanions as well for the same polyanion analyzed in previous theoretical calculations. The observed differences in the electrostatic potential distributions are explained by the influence of the number and space distribution of hydrogen bonds between the decavanadate anion, water molecules and NH 4 + cations. The results demonstrate a strong influence of crystal lattice interactions on the perturbation of the electrostatic potential in decavanadate polyanions.
Supplementary material
Tables of atomic coordinates, thermal displacement parameters, bond distances, and bond angles are available from the authors on request. Eksperimentom difrakcije rendgenskog zra~ewa na temperaturi 100 K odre|eni su polo`aji atoma vodonika u kristalnoj strukturi amonijum dekavanadata heksahidrata u ciqu prou~avawa vodoni~nih veza u ovoj strukturi. Posebna pa`wa je posve}ena odre|ivawu koji od atoma vodonika pripadaju NH 4 katjonima, odnosno molekulima vode {to nije korektno prezentovano u prethodnim litaraturnim podacima. Kori{}ewem takozvanog "kappa refinement" odre|ena su naelektrisawa atoma koja su daqe upotrebqena za izra~unavawe elektrostati~kog potencijala na molekulskoj povr{ini polianjona dekavanadata. Ovi podaci su upore|eni sa prethodnim teorijskim (ab initio) izra~unavawima. 
